One of the key elements of environmental protection is taking care of air quality. This is a difficult task as the quality of air is influenced by numerous factors connected with man's activity. Usually more developed economies have a stronger influence on the environment, including the level of pollution, and at the same time they have at their disposal a number of tools that make it possible to stop the emission of harmful substances. An important aspect in the struggle with air pollution in a given area is the constant monitoring of its quality. The aim of the article is the statistical and econometric analysis of the basic parameters of air pollution in Czestochowa in 2012-2017. This objective was achieved by calculating the basic descriptive statistics of the distinguished types of pollutants, determining the correlation between them, and building models of fluctuations in time for each of them based on the data observed and corrected (standardized) relative to air temperature. Based on the obtained models -assessing their prognostic properties -the prediction of the level of the selected types of pollutants was made.
Introduction
In the course of the previous century, tremendous changes occurred in the economy and, what follows, in the natural environment. Basically, a few decades have been enough for human beings to cause that the world ecosystem has been deregulated. A greenhouse effect, ozone hole, acid rains, deforestation, electromagnetic smog -these are only a few of the contemporary environmental threats that result from the man's manufacturing activity. A growing level of atmosphere pollution caused by the development of industry, transport, fossil fuels mining, and the concentration of human dwelling places on small urban areas have a negative impact on natural environment, people, and objects (Mesjasz, 2014, p. 106 ).
According to the 2017 report of the European Environment Agency (Air, 2017, pp. 32-59) , Poland belongs to the group of countries where the air is the most polluted. Low emission, in particular toxic dusts, have the biggest share in the air pollution . Although the air quality in Poland has improved systematically, some serious problems still occur; in the summer, there is too high concentration of tropospheric ozone, and in the winter, there is exceeding the norm concentration of PM 10 particulate matter and benzo(a)pyrene. Unfortunately, the prognosis for Poland is very pessimistic (Air, 2017) . It shows that Poland is going to remain one of the most polluted countries of the EU if we do not start actively to counteract this problem.
In Poland, similarly to the other member states of the EU, a system of the air quality control and evaluation is present (Malec, 2016) . It is based on the measurements conducted within the national monitoring network.
Air pollution control system in Poland
Considering the structure of the national sources of gas and dust substances emission into the atmosphere, when preparing collective reports of the air quality evaluation in Poland, usually the division of pollutants into the following groups is applied: -basic pollutants: sulphur dioxide, nitrogen dioxide, and dust, which are created mainly at fuel combustion processes of energy production, and occur commonly in the territory of the whole country, -specific pollutants, which come from various technological processes used in industrial plants,
-pollutants emitted from mobile sources, mainly motor vehicles, and secondary pollutants, frequently created far from the emission sources, as the effect of reactions and changes taking place in the polluted atmosphere, e.g. oxidants (photochemical oxidants), such as ozone, or the ones that contribute to the acidification of the environment, such as sulphates and nitrates.
Basic pollutants emission sources are mainly emitters of industrial and utility power plants (so called high emission), and also the municipal and household sector's local boiler rooms, service providers, and households (so called low emission). Research (Bank, 2017) conducted in the territory of Poland show that the concentrations of the main air pollutants -sulphur dioxide, nitrogen dioxide, and dust -have been systematically decreasing in recent years.
Social and economic changes that have been occurring in Poland in the recent years have been accompanied by the equally dynamic growth of the number of vehicles on the roads of the country (Łepkowski, Walendzik, Nowacki, 2016) . However, such a rapid development of the automotive industry is not accompanied by the equally fast development of road networks and equally efficient and anticipating actions that make traffic organization more effective (Badyda, 2009 ). The growing concentration of traffic, particularly visible in large agglomerations, more and more often causes traffic jams and, as a result, an increase in the emission of transport pollutants (mainly coal oxide, nitrogen oxides, hydrocarbons, lead compounds, and sooth).
The increased concentration of air pollutants (e.g. nitrogen oxides) is recorded especially on arterial roads, in particular in the places where the local conditions of street architecture do not allow the pollution to spread quickly, e.g. in the regions of a compact built-up structure (Łepkowski et al., 2016) .
Conducting the annual evaluation of air quality in the zones is a duty resulting from the law -Environment Protection Law of 27 April 2001 with future amendments, Journal of Laws 2001 No. 62 pos. 627 (Prawo, 2001 ). According to art. 89 of this law, the regional inspector for environment protection conducts each year the evaluation of substance levels in the air in a given zone for the previous year, and then classifies the zones separately for each substance, in accordance with defined criteria. The results of the evaluations for each voivodeship are delivered to the management of the voivodeship and the Chief Inspector for Environmental protection, who on this basis conducts a collective evaluation of the air quality in the country, and then passes it in the form of a report to the European Commission.
In the air quality evaluation conducted with regard to compliance with the criteria specified For sulphur dioxide (SO 2 ), nitrogen dioxide (NO 2 ), carbon oxide (CO), benzene (C 6 H 6 ), dust PM 10 , dust PM 2.5 , and lead (Pb) in dust PM 10 maximum levels have been specified understood as the air quality standards. According to the report Air quality evaluation for 2016, the maximum level of PM 10 was exceeded in 35 out of 46 zones in the country, and, in 18 zones, the maximum level enlarged by the tolerance margin of PM 2,5 dust was exceeded. Moreover, the lack of compliance with the maximum level of nitrogen dioxide in 4 zones was recorded.
Characteristics of Czestochowa
The city of Czestochowa is situated in southern Poland, in the northern part of Silesian Voivodeship, between 19°01'02''-19°14'16''eastern longitude and 50°44'08'' -50°53'11''northern latitude, neighbouring with the Czestochowa and Klobuck Districts.
The average population density is 1,506 citizens per km 2 . This is the 13th city in Poland with regard to the occupied area and population size. The third largest river in Poland -Warta -flows through the city.
A number of national roads lead through Czestochowa, which enables good car communication with the largest Polish cities. In the future, A1 motorway will lead through the northern and western outskirts of the city. It will create the western motorway ring road of Czestochowa.
Czestochowa, like the whole of Poland, is situated in a moderate climatic zone. Sunshine here is relatively low. On average, it amounts to 4 hours of direct solar radiation per day. In the annual run, the largest sunshine can be observed in June, due to the length of the day. In Czestochowa in this month, it is 212 hours, which is on average about 7 hours per day. The lowest daily sums of sunshine can be observed in December, when days are shortest. It amounts to less than 1 hour (about 50 minutes) per day. In connection with general atmospheric circulation, there are few windless days in Czestochowa. The periods of calm in a yearly perspective constitute on average 9.2%. Western winds are dominant here -18%, and south-west ones -18.2%. They also reach the highest speeds -2.2 m/s. The rarest ones are northern winds -7.7%, and northeast ones -7.4%. With regard to the location of the industrial sources of air pollution, the winds which are favourable to the city include the ones from the west and north-west. Average annual air temperatures in Czestochowa are about 8.1 o C (Program, 2014).
Air pollution condition in the city of Czestochowa
Since 2004 The highest levels of pollution (in absolute terms expressed in µg/m 3 ) can be observed in the case of CO, whereas the lowest ones in the case of SO 2 measurements. Notrogen oxide NO that the pollution emitted by vehicles not only directly worsen the quality of the air in the areas where traffic is intense, but it also participates in photochemical reactions that take place in the atmosphere and have an influence on the growth of ozone concentration in the tropospheric layer.
Statistical and econometric analysis
Strong dependencies can be observed among the substances that pollute the air, which is often indicated in scientific papers (e.g. Yoo et al., 2014, pp. 226-237; Sabetghadam, AhmadiGivi, 2014, pp. 538-547; Xie, Zhao, Zhang, Luo, 2015, pp. 141-149) . The values of Pearson correlation coefficients among the analysed figures are presented in Table 3 . The majority of the measurements are moderately correlated. A strong dependence occurs between CO and SO 2 , and a very strong dependence occurs between NO x and NO, and between PM 10 and SO 2 and CO. The levels of pollutant concentration in the air result directly from the volume of pollution emission to the atmosphere, but they also depend on meteorological conditions: temperature, wind speed, and humidity (e.g. Ocak, 2008, pp. 325-335; De Sario, 2013, pp. 826-843) . Because of access to the information only on the air temperature in Czestochowa for the analysed period The values of correlation coefficients calculated among the particular analysed variables have also changed after the standardization (Table 4) . A very strong positive dependence can be observed among all the standardized variables. A lot of phenomena, the changes of which can be observed in time, are characterized by periodicity, which are regularly repeated deviations from the general direction of development.
Seasonal fluctuations that are the results of nature-based influences can be observed easily. It is equally easy to observe regular deviations with shorter cycles, monthly, weekly, or daily ones, which result from economic, social, and organizational reasons. The possibility of observing and measuring the changes occurring in time makes it possible, on the one hand, to indicate the reasons that shape a given phenomenon and measure their impact, and on the other hand, to use this information to forecast the future values of this phenomenon. Such a situation happens very often while analysing air pollution levels (e.g. Kim, Kim, Lim, Kim, Yoo, 2010, pp. 448-459; Tchepel, Borrego, 2010, pp. 544-550) . The estimation results confirm the relevance of the parameters present at the t time variable, and the occurrence of a downward trend only in the case of SO 2 , CO, and PM 10 (actual data). After the standardization, each of the parameters present at the time variable is negative, which confirms the downward trend of the pollutants level. However, they are significant to The estimated models have been used to construct forecasts for future months of 2017.
Due to the lack of significance of the majority of the estimated parameters for the model of fluctuations in time describing the level of NO and NO 2 contamination (Table 5 ), these models were not used to build forecasts, the results of which are presented in Table 7 . Using the actual values of the pollution level, the obtained forecasts have been assessed calculating ex post errors and ME, MSE, RMSE, MAE, MPE, and MAPE measures.
The results of the calculations are presented in Tables 7 and 8 . While analysing the obtained measures of forecasts evaluations, it cannot be unequivocally stated which models offer better ones -the ones using actual data or the ones that use standardised data. The measures of square errors MSE and RMSE are in favour of the forecasts obtained from the standardised data. While evaluating the relative errors, MPE and MAPE models based on the actual data seem to be better.
Conclusions
On the basis of the conducted in the present paper analysis and the evaluation of the air pollution condition in Czestochowa in the years 2012-2015, the following conclusions can be formulated:
-the city of Czestochowa carries out atmospheric air monitoring in its territory in two automatic stations considering SO 2 , CO, NO, NO 2 , NO x , and, since 2014, PM 10 , -the highest levels of pollution (in absolute terms expressed in µg/m 3 ) can be observed in the case of CO, whereas the lowest ones in the case of SO 2 measurements. SO 2 is characterized by the highest differentiation of measurements, and NO 2 -by the lowest,
-concentrations of all analysed air pollutants systematically decrease and do not exceed maximum norms, -a moderate or strong interdependence occurs among the analysed amounts of pollutants,
-concentration levels of the pollutants in the air result directly from the emission size of the pollutants into the atmosphere, but also from meteorological conditions,
-after the standardization of the analysed amounts in relation to the air temperature, a downward tendency in their levels has been distinguished, as well as clear (statistically significant) seasonal fluctuations,
-there are no clear indications which of the proposed models should be selected to construct the forecasts of the pollutants emission level so as to minimize their ex post errors -the ones based on the actual data or the ones adjusted with relation to temperature.
The conducted analyses and obtained results should be used to create a forecast of pollution emission considering the division into the summer and winter season, and including weather factors in this forecast. Such a forecast will make it possible to develop a proper strategy of city development and take actions to limit the level of air pollutants emission, particularly the ones emitted by vehicles.
